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ABSTRACT 


This  report,  the  sixth  in  a  series  on  this  subject,  focuses  on 
the  NRL  laser  facility,  new  experimental  results  from  it,  and  compu¬ 
ter  models  for  the  experiments.  The  NRL  facilty  continues  to  be 
upgraded  in  experimental  and  diagnostic  capability  in  a  sensible  and 
commendable  manner.  The  experimental  plan  is  good  and  the  experi¬ 
ments  will  continue  to  be  powerful  tools  for  understanding  debris-air 
coupling  processes  for  early-time.  This  tool  is  very  appropriate  to 
the  collisional  regime.  We  anticipate  it  to  be  a  substantial  contri¬ 
bution  to  the  understanding  of  collisionless  coupling  also,  both  with 
and  without  magnetic  fields.  It  remains  very  important  to  stay 
focussed  on  the  critical  question  of  early-time  debris-air  coupling 
related  to  late-time  spatial  structures. 


We  recommend  cataloging  collisionless  phenomena  for  considera¬ 
tion  while  continuing  to  perform  collisional  experiments.  Early-time 
shadowgraphy  with  radiating  ambient  gasses  should  be  considered. 

While  aneurysms  remain  an  interesting  phenomena,  we  caution  that  they 
may  not  be  related  to  the  primary  HANEs  explorations.  We  recommend 
consideration  of  blunt-ended  probes  as  a  supplement  to  spherical 
obstacles  in  plasma  flow  experiments.  We  recommend  the  use  of  a  fast 
multichannel  device  after  the  spectrometer  and  the  consideration  of 
two-color  interf erometry  as  diagnostic  tools.  We  recommend  the 
purposeful  exploration  of  target  variations  through  the  deliberate 
use  of  spherical  or  hemispherical  and  other  non-flat  targets  of 
planned  inhomogeneity.  Finally,  we  recommend  increased  correspon¬ 
dence  between  experimental  simulations  and  the  HANE  data  base.  We 
look  forward  to  two-dimensional  modeling  efforts  and  suggest  the 
consideration  of  special  purpose  machines  or  parallel  machines  before 
investing  in  more  conventional  computers  for  such  modeling. 
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1.0  INTRODUCTION  AND  SUMMARY 


In  1985  JASON  conducted  its  sixth  summer  study  on  the  effects  of 
high  altitude  nuclear  explosives  (HANEs)  on  the  ionosphere  and 
ionospheric  communications.  This  year  we  concentrated  on  the 
upgraded  NRL  laser  facility,  new  experimental  results  coming  from  it, 
and  computer  simulations  designed  to  model  various  aspects  of  the 
experiment.  We  also  heard  briefings  on  the  connection  of  certain 
phenomena,  observed  in  STARFISH  and  CHECKMATE,  to  the  early~time 
experimental  results. 

During  the  five  years  of  JASON  involvement  in  the  DNA  HANE 
program,  many  of  the  important  physics  issues  have  been  identified 
and  discussed  at  length  in  our  earlier  reports,  so  we  forego  detailed 
elaboration  of  the  basic  physics  problems.  This  yearTs  brief  report 
will  focus  on  current  and  projected  work  -  both  experimental  and 
theoretical,  including  simulations  -  designed  to  address  these 
physics  issues. 

Our  general  impression  is  that  the  NRL  laser  experiments  are  and 
will  continue  to  be  very  powerful  tools  for  understanding  debris-air 
coupling  processes  for  a  certain  part  of  the  time  history  of  the 
early-time  regime.  The  accompanying  theory  and  simulations,  though 
presently  incapable  of  dealing  with  all  of  the  relevant  physics  and 
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chemistry,  are  well-matched  to  the  present  level  of  experimental 
understanding  of  the  collisional  regime  (p  >  1.5  Torr).  There  is 
much  hope  that  straightforward  continuation  of  the  present  efforts 
(including  careful  consideration  of  finite  UV  radiation  lifetimes  in 
the  coupling  process)  will  lead  to  a  broad  understanding  of 
collisional  coupling,  except  possibly  for  very  early  times  where 
details  of  the  target-laser  interaction  are  important  and  at  times 
too  large  for  the  debris  to  be  contained  in  the  plasma  chamber. 
However,  this  understanding  will  require  the  use  of  new  diagnostics, 
some  of  them  planned  for  the  future  but  not  yet  in  routine  use. 

These  include  multi-spectral  shear  interferometry ,  possibly  coupled 
with  Faraday  rotation  measurements,  and  the  coherent 
Thomson-scattering  laser  probe,  possibly  operated  with  a  streak 
camera.  Obstacles  in  the  way  of  the  blast  wave  may  also  be  useful  in 
the  collisional  regime,  although  these  will  be  more  interesting  for 
collisionless  shocks. 

Both  the  level  of  experimental  effort  and  the  level  of 
theoretical  understanding  are  lower  in  the  collisionless  regime.  It 
is  evident  that  coupling  diminishes  as  the  ambient  pressure  goes 
down,  in  general  accord  with  what  simulations  predict.  But  the 
influence  of,  and  mechanisms  for  generating,  magnetic  fields  are  not 
well  understood,  nor  is  it  clear  why  aneurysms  do  not  form  when 
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collisions  are  reduced.  Answering  these  questions  will  require  more 
sophisticated  two-dimensional  hybrid  codes. 

Since  very  early-time  laser-target  interactions  could  very  well 
lead  to  persistent  structure  effects  at  late  times,  it  is  important 
to  study  the  widest  possible  array  of  target  geometries,  both 
experimentally  and  with  simulations.  Of  special  interest  are  back- 
illuminated  targets,  and  targets  designed  to  mimic  CHECKMATE,  which 
may  well  have  produced  many  debris  fragments  that,  though  vaporized, 
maintained  their  identity  for  long  times.  This  possibility,  long 
espoused  by  Walt  Chesnut,  was  dealt  with  in  some  detail  in  last 
year’s  JASON  report  on  HANEs. 

These  and  other  issues  are  summarized  in  Tables  1-1  and  1-2  and 
the  rest  of  the  report  supplies  supporting  detail.  Our  overall 
impression  of  the  early-time  HANE  program  continues  to  be  good.  We 
can  envisage  substantial  understanding  of  both  collisional  and 
collisionless  coupling,  both  with  and  without  magnetic  fields, 
emerging  from  this  program.  But  the  workers  in  the  program  must 
always  keep  one  question  foremost  in  their  minds:  How  is  early-time 
debris-air  coupling  ultimately  related  to  late-time  spatial 
structures?  Answering  this  question  is  a  formidable  task. 
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TABLE  1-1 


EARLY-TIME  HANE  SIMULATION  ISSUES 
EXPERIMENTAL 


COLLISIONAL  (p  >  1.5  Torr) 

COLLISIONLESS  (p  <  1.5  Torr) 

DEBRIS-AIR  COUPLING:  AFTER  1 
EQUAL-MASS  RADIUS,  FORMS  NORMAL 
(RAYLEIGH-TAYLOR  STABLE)  TAYLOR- 
SEDOV  BLAST  WAVE.  IS  IT  R-T 
UNSTABLE  EARLIER?  WHAT'S  INSIDE? 

DEBRIS  COUPLES  POORLY  TO  AIR: 

RUNS  AHEAD  OF  BLAST  WAVE; 

DEBRIS  ELECTRONS  FORM  MAGNETIC 
PULSE.  SOME  AIR  IONS  REFLECTED 
(V  =  2Vd) 

ANEURYSMS:  BULGES  ON  BLAST 

WAVE.  FORMED  HOW?  WHEN?  DECAY? 
IMPACT  ON  LATE-TIME  STRUCTURE? 
RELATED  TO  LASER  BEAM  IN  AMBIENT 
GAS?  TO  LASER-TARGET  INTERACTION? 

NO  ANEURYSMS:  WHY  NOT? 

DEBRIS-TARGET  INTERACTION:  NEED  TO  STUDY  A  VARIETY  OF  TARGETS 
(BACK-ILLUMINATED;  DOUBLE  FOIL;  CAVITY;  FRAGMENT-RICH) 

UV  PROBLEM:  RADIATION  LIFE  TIMES  NOT  SHORT  COMPARED  TO  DEBRIS 

TIME  SCALES  (UNLIKE  REAL  HANE).  USE  Xe  OR  MRC  GAS  AS  AMBIENT. 

DIAGNOSTICS:  MULTI-COLOR  SHEARING 
THOMSON  SCATTER;  FARADAY  ROTATION; 
SHOCK?) 

INTERFEROMETRY:  COHERENT 
OBSTACLES  (FORM  COLLISIONLESS 

TABLE  1-2 


EARLY-TIME  HANE  SIMULATION  ISSUES 
THEORY  AND  COMPUTATION 


PRESENT  EARLY-TIME  CODES:  ID  HYBRID  (FLUID  ELECTRONS,  USUALLY 
MASSLESS).  DO  NOT  ADDRESS  STRUCTURE  ISSUES.  WELL-MATCHED  TO 
CURRENT  EXPERIMENTS  EXCEPT  FOR  UV  PROBLEM,  ANEURYSMS. 


NEW  CODES  NEEDED:  2D  HYBRID.  MAY  REQUIRE  SPECIAL-PURPOSE  ARRAY 
PROCESSORS.  WILL  ADDRESS:  SPONTANEOUS  MAGNETIC  FIELDS,  SOME 
ASPECTS  OF  STRUCTURE  FORMATION  (ANEURYSM?). 

ALSO,  CODES  WITH  FINITE  UV  LIFETIMES,  RADIATION  TRANSPORT. 

NEED  MORE  LASER-TARGET  SIMULATIONS  WITH  A  VARIETY  OF  TARGETS. 


RELATION  OF  DEBRIS-AIR  COUPLING  TO  STRUCTURE  FORMATION:  IS  THERE  A 
CLASSICAL  R-T  INSTABILITY  AT  ~  1  EQUAL-MASS  RADIUS?  DOES  IT  HEAL 
LATER  (CONDITIONS  CHANGE  TO  STABLE)? 

FOR  COLLISIONLESS  CASE,  DOES  ANOMALOUS  RESISTIVITY  EXIST?  DOES 
IT  AFFECT  STRUCTURE  FORMATION? 


LESSONS  FROM  SPACE  PHYSICS:  ANOMALOUS  RESISTIVITY  NOT  WORKING  WELL 
FOR  AURORAS;  BOW  SHOCK;  TAIL  NEUTRAL  LINE.  INERTIAL  EFFECTS  AND 
SPATIAL  GRADIENTS  MORE  IMPORTANT.  NEED  TO  RE-THINK  NRL-3076 
VIEWPOINT. 
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2.0  THE  NRL  EXPERIMENT 


In  this  section,  we  shall  briefly  present  a  few  thoughts  on  the 
HANE  simulation  experiments  underway  at  NRL.  We  shall  not  attempt  to 
summarize  them  here  since  there  is  now  plenty  of  written  literature 
by  the  NRL  group  that  does  that.  In  general,  we  feel  that  the  exper¬ 
iments  have  gone  well  so  far.  We  especially  like  the  way  the  NRL 
group  accepts  suggestions  for  experiments  from  outsiders,  and  the  way 
they  continually  expand  their  diagnostic  capability  and  improve 
existing  diagnostics.  With  regard  to  the  future,  we  believe  that  it 
is  important  for  the  experimentalists  to  take  advantage  of  the  full 
range  of  capability  of  their  new  apparatus  as  soon  as  possible.  By 
this,  we  mean  that  as  soon  as  the  new  diagnostics  and  the  magnetic 
field  coil  are  checked  out,  both  collisionless  and  collisional  inter¬ 
action  experiments  should  be  run  under  a  variety  of  target,  laser, 
and  magnetic  field  conditions.  We  believe  that  it  is  as  important  to 
begin  cataloging  collisionless  phenomena  for  consideration  by  the 
High  Altitude  Working  Group  as  it  is  to  complete  the  studies  of  the 
collisional  regime.  Finally,  before  going  on  to  specific  comments 
and  suggestions  on  the  experiment,  we  wish  to  observe  that  the  active 
role  being  played  by  Cliff  Prettie  in  interferometry  data  analysis 
and  by  Bob  Stellingwerf  in  working  with  the  NRL  experimentalists  on 
production  of  narrow  ion  velocity  distributions  is  a  very  good 
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programmatic  development.  We  hope  that  more  of  this  active  involve¬ 
ment  by  theorists  and  computationalists  with  the  experimentalists 
will  occur  in  the  future. 

2 . 1  Coupling 

In  the  absence  of  a  magnetic  field,  the  efficiency  of  coupling 
of  the  laser-produced  debris  plasma  to  the  ambient  medium  seems  to  be 
well  explained  on  the  basis  of  classical  collisional  processes. 
However,  the  physics  under  which  the  laser-ablation  plasma  expanding 
into  the  ambient  gas  and  plasma  turns  into  a  blast  wave  could  use 
additional  attention  along  the  lines  of  the  work  presented  in  the 
May  1985,  Early  Time  Working  Group  meeting  at  NRL  by  Lee,  Molander 
and  Elton  of  NRL.  Very  early  time,  t  <  40  ns,  shadowgraphy  may  also 
provide  useful  information.  Perhaps  early  time  shadowgraphy  with 
radiating  ambient  gases  such  as  the  MRC  mixture  or  just  Xe  would 
reveal  an  unstable  debris/air  interface. 

At  pressures  too  low  for  collisional  coupling  to  be  effective, 
i  200  mTorr,  there  is  evidence  for  weak  collisionless  coupling  only 
with  a  transverse  magnetic  field  present  in  the  magnetic  probe  data 
as  well  as  in  the  time-of-flight  data,  but  the  field  strength  and 
experimental  volume  to  properly  address  collisionless  coupling  are 
only  now  becoming  available.  In  the  collisionless  regime,  we  can 
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expect  to  require  measurements  at  larger  distances  and  later  times 
than  in  collisional  experiments,  and  also  along  the  magnetic  field 
lines.  All  in  all,  we  can  expect  a  variety  of  interesting  phenomena, 
some  of  which  will  probably  not  be  anticipated,  and  which  will  no 
doubt  take  all  of  NRL's  diagnostic  capability  and  a  major  effort  by 
the  entire  Early  Time  Working  Group  to  understand.  We  are  looking 
forward  to  seeing  the  first  results  soon. 

2 . 2  Aneurysms 

The  aneurysm  remains  as  mysterious  as  when  first  seen.  Is  it 
actually  caused  directly  by  the  laser?  Is  it  the  last  stage  of  an 
instability  that  occurs  between  the  laser-ablation  plasma  and  the 
ambient  medium?  If  so,  when  does  it  form?  Do  self-generated  mag¬ 
netic  fields  play  a  role?  Is  it  the  opposite — the  beginning  phase  of 
the  break  up  of  the  blast  wave  into  a  turbulent  front?  In  this  case, 
some  later  time  shadowgraphs  are  needed.  What  is  its  relationship  to 
the  classical  Raleigh-Taylor  instability,  if  any?  These  are  all 
interesting  questions,  and  experiments  to  obtain  detailed  plasma 
conditions  in  aneurysms,  or  designed  to  test  hypotheses  on  the  origin 
and  nature  of  aneurysms  are  to  be  encouraged.  However,  we  are  con¬ 
cerned  that  the  aneurysm  is  an  artifact  of  collisional  laser-disk 
target  ablation  experiments,  and  has  no  relationship  to  HANEs. 
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Unless  the  new,  uniform  profile  laser  beam  impinging  upon  the  inside 


of  a  curved  target  produces  a  debris  plasma  which  forms  an  aneurysm, 
we  wonder  if  it  is  in  DNA's  best  interest  to  continue  to  expend  so 
much  effort  on  this  phenomenon. 

2.3  Obstacles 

The  use  of  spherical  obstacles  to  determine  plasma  flow  proper¬ 
ties  behind  the  blast  wave,  as  discussed  in  a  briefing  to  JASON  by 
Guiliani,  was  very  interesting.  It  suggested  to  us  that  the  same 
thing  might  be  done  in  collisionless  experiments  to  determine  at 
least  qualitatively  very  quickly  if  there  is  a  dissipation  mechanism 
that  allows  a  stationary  bow  shock  to  form.  We  expect  that  dark 
field  shadowgraphy  using  the  tunable  dye  laser  will  readily  show  up 
the  existence  of  such  a  shock,  while  it  will  be  a  very  difficult  job 
to  determine  exactly  what  the  dissipation  mechanism  is.  Therefore, 
it  makes  sense  to  do  the  former  before  expanding  the  large  effort 
necessary  to  do  the  latter.  Finally,  we  note  that  it  may  even  be 
possible  to  use  a  properly  aligned,  blunt  ended  probe  (e.g.,  magnetic 
probe)  as  the  obstacle. 

2.4  Diagnostic  Development 

NRL  is  in  the  process  of  developing  several  new  diagnostic 
methods  and  improving  others  to  be  able  to  better  diagnose 
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collisionless  interactions  and  conditions  in  and  behind  the  blast 
wave  in  collisional  interactions.  We  are  looking  forward  to  results 
from  both  coherent  and  incoherent  Thomson  scattering,  from  resonant 
shadowgraphy  and  interf erometry ,  etc.  As  discussed  during  the  NRL 
presentations,  we  suggest  that  more  detailed  information  can  be  ob¬ 
tained  from  Thomson  scattering  by  the  use  of  a  fast  multichannel 
device  after  the  spectrometer  (e.g.,  a  microchannel  plate  streak 
camera,  such  as  the  Hamamatsu  system,  or  an  optical  multichannel 
analyzer  if  no  temporal  dispersion  of  the  scattered  light  is  de¬ 
sired)  .  In  addition,  the  idea  of  2  color  interf erometry  in  tem¬ 
porally  separated  probe  laser  beams,  also  discussed  at  the  JASON 
presentations,  in  order  to  obtain  interferograms  at  two  times,  should 
be  seriously  considered  for  implementation.  Presumably  the  mirror 
needed  to  separate  the  two  beams  spatially  after  they  pass  through 
the  interaction  region  is  easy  enough  to  obtain,  although  we  recog¬ 
nize  that  delivering  both  doubled  and  a  tripled  probe  beams  to  the 
interaction  volume  will  not  be  so  simple. 

2 . 5  Target  Variations 

Firstly,  we  reiterate  our  suggestion  in  last  year's  report  that 
spherical,  or  perhaps  hemispherical,  targets  should  be  irradiated 
from  the  inside  instead  of  continuing  to  emphasize  flat  targets. 
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Secondly,  we  suggest  attacking  the  question  of  structure  with 
target  variation.  Irregular  structure  in  laboratory  simulations  of 
HANE's  can  arise  from  plasma  instabilities  even  when  the  illuminating 
laser  beam  and  target  are  optimized  to  yield  a  very  uniform  initial 
expansion.  Irregularities  presumably  will  also  arise  from  inhomo- 
geneties  introduced  at  the  very  beginning  of  the  laser-target  inter¬ 
action.  We  recommend  that  this  second  cause  of  irregular  structure 
be  purposely  explored.  In  particular  we  encourage  the  use  of  a  wide 
variety  of  inhomogeneous  targets.  Target  irregularities  could 
include  variations  in  constituents,  density  and  shape.  Target  illu¬ 
mination  and  probe  radiation  aspect  angles  could  also  be  varied.  The 
idea  behind  these  irregular  targets  is  to  simulate  a  nuclear  device 
which  disassembles  asymmetrically,  e.g.,  CHECKMATE.  The  relevant 
question  is,  do  these  irregular  targets  produce  irregular  structure 
in  the  expansion  after  the  energy  release,  e.g.,  jets,  aneurysms, 
turbulence?  If  so,  does  the  structure  heal  or  grow?  A  further 
thought  is  the  possibility  of  making  a  nuclear  device  which  produces 
enhanced  structure  and  hence  enhanced  nuclear  effects,  e.g.,  on 
satellite  communication  links.  Target  shape  irregularities  are  a 
fertile  field  for  invention.  Targets  with  holes  have  been  tried. 

Some  further  suggestions  are  targets  with  highly  variable  thickness, 
either  random  or  quasi-per iodic  with  constant  or  varying  scale 
sizes.  The  idea  here  is  to  produce  a  highly  irregular  debris  cloud, 
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even  breaking  off  chunks  of  the  target.  Targets  with  randomly  rough 
or  wavy  surfaces,  bosses,  holes  nearly  completely  through  the  target, 
etc.,  are  possibilities.  Density  and  constituent  inhomogeneities 
could  be  accomplished  by  having  blobs  of  heavier  or  lighter  material 
or  voids  inside  the  target  material,  like  a  plum  pudding. 

2 . 6  HANE  Simulation 

Ultimately  the  NRL  experiments  are  intended  to  help  us  under- 
stand  HANE  phenomena  that  are  inadequately  explained.  The  new  NRL 
apparatus  should  make  quite  reasonable  HANE  simulation  experiments 
possible  in  the  near  future.  Therefore,  we  suggest  that  certain 
conditions  should  be  selected  on  the  basis  of  their  relevance  to  a 
particular  HANE  and  studied  in  detail  from  early  time  (t  <  20  ns)  to 
late  time  (few  100  ns)  in  a  series  of  shots  with  all  possible 
diagnostics  brought  to  bear.  The  goal  would  be  to  put  together  as 
complete  a  picture  of  that  case  as  possible  for  in-depth  consi¬ 
deration  by  interested  parties,  including  anyone  outside  the  Early 
Time  Working  Group  who  might  be  interested.  For  example,  NRL  shot 
number  14823  at  200  mT  may  have  had  weak  coupling  that  occurred 
before  t  =  40  ns  because  the  debris  speed  (375  km/s)  is  lower  than 
the  vacuum  debris  speed  (450  km/s)  under  the  same  laser-target 
conditions.  Was  there  some  anomalous  slowing  down  before 
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t  =  40  ns?  Furthermore,  at  200  mT  coupling  may  be  some  sort  of 
collisional-collisionless  hybrid.  STARFISH  data  exhibited  aspects  of 
both  collisional  and  collisionless  coupling,  and  the  magnetic 
precursor  and  the  following  debris  blast  wave  in  NRL  shot  14823  are 
somewhat  reminiscent  of  STARFISH  data.  Therefore,  the  conditions  of 
that  shot  might  be  appropriate  for  intensive  study. 
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3.0  SUPPORTING  THEORY  AND  COMPUTER  SIMULATIONS 


Most  of  the  phenomena  of  HANEs,  as  well  as  the  NRL  experiments 
are  beyond  analytic  understanding  so  computer  simulations  are 
important.  However,  present-day  simulations  of  the  collisionless 
regime  run  the  risk  of  begging  one  or  both  of  two  critical 
questions:  1)  How  does  collisionless  coupling  take  place?  2)  How 

is  spatial  structure  generated? 

The  first  question  is  begged  in  one  standard  procedure  using  MHD 
(multi-fluid)  theory,  with  plasma-kinetic  phenomena  modeled  by 
anomalous  transport  coefficients,  in  the  spirit  of  Lampe,  Manheimer, 
and  Papadopoulos  (NRL-3076).  In  principle,  such  an  approach  would  be 
capable  of  dealing  with  formation  of  spatial  structure  (such  as 
shocks  aneurysms),  but  one  would  not  be  at  all  sure  that  the  coupling 
had  been  described  correctly.  This  sort  of  modified  MHD  approach  is 
widely  used  in  modeling  magentospher ic  phenomena  (Earth's  bow  shock, 
magnetic  tail,  etc.)  and  does  indeed  show  spatial  structure. 

However,  there  are  three  important  problems  of  magnetospheric  physics 
where  the  very  concept  of  anomalous  resistivity  has  been  seriously 
questioned,  and  where  plasma-kinetic  effects  are  better  understood  as 
resulting  from  finite  inertia  and  transit-time  effects.  These  are 
the  bow  shock,  the  neutral  line  in  the  tail,  and  the  aurora.  (We 
would  not  be  surprised  to  see  the  analysis  of  AMPTE  comet  formation 
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also  not  yield  to  a  simple  anomalous-resistivity  approach.)  In  all 

these  cases  specific  inertial  effects  have  been  found  which  account 

for  the  observed  phenomena,  while  anomalous-resistive  effects  have 

been  difficult  or  impossible  to  justify.  In  the  aurora,  for  example, 

there  is  no  lack  of  plasma  turbulence  or  means  for  generating  the 

turbulence  through  instabilities,  but  nearly  all  the  turbulent  modes 

have  electric  fields  E  which  are  very  nearly  perpendicular  to  the 

earth's  magnetic  field  B,  so  that  they  are  ineffective  in  impeding 

motion  along  B  as  anomalous  resistivity  would  demand.  Instead, 

inertia  provides  for  a  finite  transit  time  -  l/V ,  where  Z  is  the 

length  of  an  auroral  field  line  and  V  a  typical  particle  velocity. 

To  some  extent  the  inverse  time  V/Z  plays  the  role  of  a  "collision" 

frequency,  although  there  are  no  actual  collisions.  Careful 

examination  of  inertial  effects  show  that  they  do  not  even  lead  to 

constitutive  equations  of  the  usual  form  J  =  a  •  E.  For  the  aurora, 

2 

one  finds  J||  ~  (Ne  /mV)  (<|>E  -  <p^)  where  J||  is  the  current 

along  B,  <(>_  _  is  the  electrostatic  potential  at  the  equator  and  at 

h,  1 

the  ionosphere  on  the  field  line,  and  the  rest  of  the  symbols  have 
their  usual  meaning.  Similar  modifications  are  found  for  the  bow 
shock  and  neutral  line  problems. 

When  finite  inertia  effects  are  involved,  macroscopic  length 
scales  play  an  important  role  in  determining  the  effective  collision 
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tensor  a  (or  its  modification),  and  one  cannot  specify  o  on  the  basis 
of  microscopic  homogeneous  plasma  physics,  as  in  Lampe  et  al.  It  may 
be  possible  in  the  near  future  to  construct  a  scheme  similar  in 
spirit  to  that  of  Lampe  et  al.,  in  which  anamalous  resistivity  is,  as 
appropriate,  replaced  or  modified  by  finite-inertia  and  transit-time 
effects  depending  on  macroscopic  length  scales,  and  it  would  then  be 
useful  to  run  MHD  codes  incorporating  this  modified  scheme.  Spatial 
structures  would  emerge  as  a  self-consistent  result  of  balancing  MHD 
and  plasma-kinetic  responses.  An  example  of  this  is  already  found  in 
the  auroral  problem,  where  this  balance  correctly  predicts  the 
overall  latitudinal  width  of  an  auroral  are. 

The  second  question,  how  is  spatial  structure  formed,  tends  to 
be  begged  in  hybrid  simulations  that  use  fluid  (usually  massless) 
electrons  and  particle  ions.  This  type  of  simulation  fully  exercises 
the  capacity  of  large  modern  computers,  and  it  is  very  good  at 
dealing  with  collisionless  coupling,  but  not  very  good  at  dealing 
with  a  spectrum  of  spatial  scales,  whether  externally-imposed  or 
self-consistently  generated.  The  hybrid  simulations  presented  at 
this  year’s  HANEs  briefings  were  one-dimensional,  but  we  are  informed 
that  two-dimensional  codes  are  in  the  offing,  perhaps  a  year  or  so 
away.  These  2D  codes  will  be  indispensible  for  understanding  intrin¬ 
sically  two-dimensional  phenomena  such  as  spontaneous  magnetic  field 
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generation  and  aneurysms,  and  we  strongly  urge  that  they  be  developed 
with  an  eye  toward  handling  structure  formation  as  well  as 
possible.  Some  thought  should  be  given  to  the  possibility  of 
building  a  special-purpose  array  processor  that  might  have  unusual 
powers  in  this  direction.  While  these  machines  are  very  fast,  they 
often  have  the  disadvantage  of  requiring  a  relatively  long  time  to 
program.  One  such  machine  is  the  massively  parallel  processor  (MPP) 
at  NASA  Goddard  Space  Plight  Center.  This  machine  contains  a  few 
hundred  microprocessors  that  run  concurrently .  The  MPP  has  the 
advantage  that  it  is  currently  in  use  for  similar  problems  and  a  user 
community  exists.  It  may  well  be  that  special  purpose  computers  are 
not  cost  effective  for  the  task  at  hand.  However,  this  is  the  time 
to  consider  them,  i.e.  before  resources  are  already  expended  on 
conventional  computers.  Use  of  a  special  purpose  machine  for  lab 
HANE  modelling  would  provide  DNA  with  a  sample  of  what  such  machines 
are  capable.  This  experience  would  then  provide  DNA  with  some  idea 
of  their  application  to  other  DNA  problems  with  high  computational 
loads. 

We  have  already  said  that  laser-target  interactions  may 
profoundly  affect  early-time  structure  formation,  and  continuation  of 
computer  simulations  in  this  area  will  be  vital. 
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Finally,  we  comment  on  the  role  of  simulations  in  the 
collisional  regime,  where  collisional  MHD  plus  chemistry,  radiation, 
and  charge  exchange  are  the  important  ingredients.  Present  codes 
should  be  modified  to  incorporate  finite  UV  radiation  lifetimes 
(unimportant  in  real  HANEs,  but  important  for  the  NRL  experiment 
which  is  over  in  less  than  1  usee).  In  a  typical  present-day  code, 
UV  radiation  is  either  instantaneous  or  it  can  be  turned  off 
altogether,  and  the  latter  seems  to  fit  experimental  data  better. 
Presumably  an  even  better  fit  would  come  from  properly  incorporating 
finite  radiative  lifetimes. 


3-5 


DISTRIBUTION  LIST 


Mr.  Saul  Amarel 
DARPA 

1400  Wilson  Blvd. 

Arlington,  VA  22209 

Wahab  Ali 

Naval  Research  Laboratory 
Code:  4700 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

Russel  Armstrong 
Mission  Research  Corporation 
One  Tara  Blvd.,  Suite  302 
Nashua,  NH  03062 

Dr.  Marv  Atkins  [3] 

Deputy  Director,  Science  &  Tech. 
Defense  Nuclear  Agency 
Washington,  D.C.  20305 

LTC0L  Joseph  Bailey 
Office  of  Science  &  Technology 
Policy 
Room  5026 

New  Executive  Office  Building 
17th  &  Pennsylvania  Avenue 
Washington,  DC  20506 

Bob  Bigoni 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 

Steve  Bodner 

Naval  Research  Center 

Code:  4730 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 


Joe  Borovsjy 

Los  Alamos  National  Lab. 

Los  Alamos,  NM  87545 

Walter  Chestnut 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  92038 

Dr.  Ron  Clark 

DARPA/NT0 

1400  Wilson  Blvd. 

Arlington,  VA  22209 

Dr.  John  M.  Cornwall 
University  of  California 
Los  Angeles,  CA 

Glen  Dahlbacha 
Plasma  Research  Corporation 
2990  Main  Street 
Alameda,  CA  94501 

Mr.  John  Darrah 

Sr.  Scientist  and  Technical 

Advisor 

HQ  Space  Cmd/XPN 
Peterson  AFB,  CO  80914 

Defense  Technical  Information  [2] 
Center 

Cameron  Station 
Alexandria,  VA  22314 

RADM  Craig  E.  Dorman 
Director,  ASW  Programs 
SPAWAR/PD/80 

The  Pentagon,  Room  5D616 
Washington,  D.C.  20363“5100 


D-1 


DISTRIBUTION  LIST  (Continued) 


Dr.  Robert  C.  Duncan 
DARPA 

1400  Wilson  Boulevard 
Arlington,  VA  22209 

Mr.  John  Entzminger 
DARPA 

1 400  Wilson  Blvd. 

Arlington,  VA  22209 

H.  Carl  Fitz 
Physical  Research,  Inc. 

134  Holiday  court,  Suite  309 
Annapolis,  MD  21401 

Mr.  Robert  Foord  [2] 

P.0.  Box  1925 
Washington,  D.C.  20505 

Peter  Gary 

Los  Alamos  National  Lab. 

Los  Alamos,  NM  87545 

Dr.  Larry  Gershwin 
NIO  for  Strategic  Programs 
P.0.  Box  1925 
Washington,  D.C.  20505 

The  Honorable  Richard  P.  Godwin 
Under  Secretary  of  Defense  for 
Acquisition 

The  Pentagon,  Room  3EIOO6 
Washington,  D.C.  20301 

Dr.  S.  William  Gouse,  Z605 
Senior  Vice  President 
and  General  Manager 
The  MITRE  Corporation 
Metrek  Division 
7525  Colshire  Drive 
McLean,  VA  22102 


J.  Giuliani 

Naval  Research  Laboratory 
Code:  4780 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375“5000 

Alan  Gregersen 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 
Jacob  Grun 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375“5000 

Dr.  David  A.  Hammer 
Cornell  University 
Ithaca,  NY 

Mr.  Jack  Hammond 
Strategic  Defense  Initiative 
Organization 
1717  H.  Street 
Washington,  D.C.  20301 

Dr.  William  Happer 
Princeton  University 
Princeton,  NJ  08540 

Dr.  Edward  Harper  [2] 

SSBN,  Security  Director 
OP-021 T 

The  Pentagon,  Room  4D534 
Washington,  D.C.  20350 

Mark  Hausman 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 


DISTRIBUTION  LIST  (Continued) 


Dr.  Robert  Henderson,  W385 
Director,  JASON  Program  Office 
The  MITRE  Corporation 
7525  Colshire  Drive 
McLean,  VA  22102 

Mr.  R.  Evan  Hineman 
Deputy  Director  for  Science 
&  Technology 
P.0.  Box  1925 
Washington,  D.C  20505 

Joe  Huba 

Naval  Research  Laboratory 
Code:  4780 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

CDR  Earl  R.  Jones 
NAV0PINTCEN 
Attn:  06  Dept 
4301  Suitland  Road 
Suitland ,  MD  20390-5170 

Mike  Keskinen 

Naval  Research  Laboratory 

Code:  4786 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375“5000 

Mr.  Edwin  L.  Key 
Senior  Vice  President 

for  Research  and  Engineering 
The  MITRE  Corporation 
P.0.  Box  208 
Bedford,  MA  01730 

Ralph  Kilb 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 


MAJGEN  Donald  L.  Lamberson 
Assistant  Deputy  Chief  of  Staff 
(RD&A)  HQ  USAF/RD,  Rm.  4E334 
Washington,  D.C.  20330 

Dr.  Robert  E.  LeLevier 
EOS  Incorporated 
Pacific  Palisades,  CA 

The  MITRE  Corporation  [5] 

7525  Colshire  Drive 

McLean,  VA  22102 

ATTN:  JASON  Library,  W002 

Conrad  Longmire 

Mission  Research  Laboratory 

Drawer  719 

Santa  Barbara,  CA  93102-0719 
John  Lyon 

Naval  Research  Laboratory 
Code:  4780 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375“5000 

Dr.  Gordon  MacDonald,  Z605 
Vice  President 

and  Chief  Scientist 
The  MITRE  Corporation 
7525  Colshire  Drive 
McLean,  VA  22102 

Director  [2] 

National  Security  Agency 
Fort  Meade,  MD  20755 
ATTN:  Mr.  Richard  Madden,  R6 

Mr.  Charles  Mandelbaum 
Mail  Stop  ER-32/G-226  GTN 
U.S.  Department  of  Energy 
Washington,  D.C.  20545 


D-3 


DISTRIBUTION  LIST  (Continued) 


Charles  Manka 

Naval  Research  Laboratory 

Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

Ted  Mazurek 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 
Ed  McLean 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W, 
Washington,  DC  20375^5000 

Dr.  A1  Mense,  Chief  Scientist 
(Acting) 

Strategic  Defense  Initiative 
Organization 

The  Pentagon,  Room  3C444 
Washington,  D.C,  20301 

Mr.  Mewson 
HQ  SAC/NRI 
Offutt  AFB 
Nebraska  68 1 1 3~5001 

Dr.  Marvin  Moss  [2] 

Technical  Director 
Office  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Andrew  Mostovych 

Naval  Research  Laboratory 

Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 


Dr.  Julian  Nall  [2] 

P.0.  Box  1925 
Washington,  D.C.  20505 

Super intendent  (Code  1424) 
Naval  Postgraduate  School 
Monterey,  CA  93943 
Attn:  Documents  Librarian 

Director 

National  Security  Agency 
Fort  Meade,  MD  20755 
ATTN:  Mr.  Edward  P.  Neuburg 
DDR-FANX  III 

Dr.  Robert  Norwood  [2] 

Office  of  the  Deputy  Under 
Secretary  of  the  Army 
Assistant  Under  Secretary 
of  the  Army 

The  Pentagon,  Room  2E653 
Washington,  D.C.  20310-0102 

BG  Malcolm  0!Neil 
Strategic  Defense  Initiative 
Organization 
1717  H.  Street 
Washington,  D.C.  20301 

Sid  Ossakow 

Naval  Research  Laboratory 
Code:  4700 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

Dennis  Papadopoulos 

Science  Applications  Internat. 

Corporation 
1710  goodridge  Drive 
McLean,  VA  22102 


DISTRIBUTION  LIST  (Continued) 


C.  Pawley 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

T.  Payser 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

J.  Pierre 

Defense  Nuclear  Agency 
RAAE 

Washington,  DC  20305 

Major  Donald  Ponikvar 

U. S.  Army 

Strategic  Defense  Command 
P.  0.  Box  15280 
Arlington,  VA  22215-0150 

B.  Prasad 

Defense  Nuclear  Agency 
RAAE 

Washington,  DC  20305 
Mr.  John  Rausch 

NAV0PINTCEN  Detachment,  Suitland 
4301  Suitland  Road 
Washington,  D.C.  20390 

The  MITRE  Corporation 
Records  Resources 
Mail  Stop  W971 
McLean,  VA  22102 

Dr.  Richard  Reynolds 
DARPA 

1400  Wilson  Blvd. 

Arlington,  VA  22209 


Barrie  Ripin 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375-5000 

Mr.  Alan  J.  Roberts,  Z605 
Senior  Vice  President 
and  General  Manager 
Washington  C^i  Operations 
The  MITRE  Corporation 
7525  Colshire  Drive 
McLean,  VA  22102 

Mr.  Thomas  Rona 
Deputy  Director 

Office  of  Science  &  Tech.  Policy 
Old  Executive  Office  Building 
17th  &  Pennsylvania  Ave.,  N.W. 
Washington,  D.C.  20500 

Dale  Sappenfield 

Los  Alamos  National  Lab. 

Los  Alamos,  NM  87545 

Dr.  Phil  Selwyn  [2] 

Technical  Director 
Office  of  Naval  Technology 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Mr.  Shen  Shey 
DARPA 

1 400  Wilson  Blvd. 

Arlington,  VA  22209 

Dr.  Gordon  Smith 
Strategic  Defense  Initiative 
Organization 
1717  H.  Street 
Washington,  D.C.  20301 


D“5 


DISTRIBUTION  LIST  (Continued) 


Dr.  Joel  A.  Snow  [2] 

Director 

Science  &  Tech.  Staff 
U.S.  DOE/ER-6 
Washington,  D.C.  20585 

Dave  Sowle 

Mission  Research  Corporation 
Drawer  719 

Santa  Barbara,  CA  93102-0719 

Jack  Sperling 
JAYCOR 

P.0.  Box  85154 
San  Diego,  CA  921 38 

John  Stamper 

Naval  Research  Laboratory 
Code:  4732 

4555  Overlook  Avenue,  S.W. 
Washington,  D.C.  20375“5000 

Bob  Stellingwerf 
Mission  Research  Corporation 
1720  Randolph  Road  SE 
Albuquerque,  NM  87106 

COMO  William  0.  Studeman 
Director  of  Naval  Intelligence 
Office  of  Naval  Intelligence 
Navy  Department  (0P-009) 
Washington,  D.C.  20310 

Mr.  Alexander  J.  Tachmindji,  Z605 
Senior  Vice  President 
The  MITRE  Corporation 
7525  Colshire  Drive 
McLean,  VA  22102 

Dr.  Vigdor  Teplitz 
ACDA 

320  21 st  Street,  N.W. 

Room  4484 

Washington,  D.C.  20451 


Bob  Thompson 

Austin  Research  Associates 
1 901  Rutland  Avenue 
Austin,  TX  78758 

Bill  White 

Mission  Research  Laboratory 
Drawer  719 

Santa  Barbara,  CA  93102-0719 
Dan  Winske 

Los  Alamos  National  Lab. 

Los  Alamos,  NM  87545 

Leon  A.  Wittwer 
Defense  Nuclear  Agency 
RAAE 

Washington,  DC  20305 
Joe  Workman 

Berkeley  Research  Assoc. 

P.0.  Box  241 
Berkeley,  CA  94701 

Mr.  Leo  Young 
0USDRE  (RScAT ) 

The  Pentagon,  Room  301067 
Washington,  D.C.  20301  — 3081 

Steve  Zalesak 

Naval  Research  Laboratory 

Code:  4780 

4555  Overlook  Avenue,  S.W. 
Washington,  DC  20375“5000 

Mr.  Charles  A.  Zraket 
President 

The  MITRE  Corporation 
P.O.  Box  208 
Bedford,  MA  01730 


D-6 


vO 


